Abstract. Typhoons are one of the most serious natural disasters that occur annually on China's 13 southeast coast. This paper describes a technique for analyzing the typhoon wind hazard based on 14 the empirical track model. Existing simplified and non-simplified typhoon empirical track models 15 are improved, and the improved tracking models are shown to significantly increase the 16 correlation in regression analysis. We also investigate quantitatively the sensitivity of the typhoon 17 wind hazard model. The effects of different typhoon decay models, the simplified and 18 non-simplified typhoon tracking models, different statistical models for the radius to maximum 19 winds (R max ) and Holland pressure profile parameter (B), and different extreme value distributions 20 on the predicted extreme wind speed of different return periods are all investigated. Comparisons 21 of estimated typhoon wind speeds for 50-year and 100-year return periods under the influence of 22 different factors are presented. The different models of R max and B are found to have greatest 23 impact on the prediction of extreme wind speed, followed by the extreme value distributions, 24 typhoon tracking models, and typhoon decay models. This paper constitutes a useful reference for 25 predicting extreme wind speed using the empirical track model. 
149
We calculate the proportion of grid cells with correlation coefficient (R 2 ) >0.5 or >0.8 in all 150
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Model 3 (right).
173
We also calculate the R 2 value when fitting coefficient d in Models 1 and 2. 
Validation of empirical track model

188
Before using the empirical track model, we need to validate its efficiency. Section 2.1 showed 189 the correlation in regression analysis for Models 3 and 4 is better than for Models 1 and 2. The use of a 250 km subregion has been suggested by Hong (2015b, 2016) 
Influence of different decay models on extreme wind speeds
254
When a typhoon makes landfall, its intensity will weaken because of the loss of energy from 255 the sea and because of increased ground friction. Modeling the decay of typhoons after landfall 256 plays an important role in typhoon hazard analysis at coastal stations. We first investigate the 257 influence of the typhoon decay model on predicted wind speed. Model 3 is used to generate virtual 258 typhoon events in the Northwest Pacific Ocean, and in this process, we apply two different decay 259 models. One is the model developed by Vickery and Twisdale (1995b) : 260
261
where Δp(t) is the central pressure difference (hPa) at time t after landfall, Δp 0 is the central 262 pressure difference (hPa) at landfall, a is the decay constant, and ε is a normally distributed error 263
term. The other model is the model developed by Vickery (2005) : 264 6) and (7) are summarized in Table 2 , where N is the number of data points 274 used for the regression analysis, R 2 is the correlation coefficient, and σ ε is the standard deviation 275 of the errors. In Table 2 , the largest value of R 2 is shown in bold for each region examined. It can 276 be seen that the correlation in the decay model of Vickery and Twisdale (1995b) is better than that 277 of Vickery (2005) for most regions. 278 279 Table 2 . Decay constant a in Eqs. (6) and (7). Numbers in bold type are the largest R 2 value for each region.
280
Region The empirical distribution is used as the extreme value distribution in both Test 1 and Test 2. 294 Table 3 shows the settings for Tests 1 and 2 as well as other tests described in the following 295 section of this paper. 296 297 
299
The predicted extreme wind speeds for a 50-year return period (V 50 ) for 579 stations in the 300 southeast coastal region of China are used to map the typhoon hazard, as shown in Fig. 9 . The 301 results predicted by Tests 1 and 2 are shown in Fig. 9 (a) and (b), respectively. It can be seen from 302 
Influence of different track models on extreme wind speeds
311
In Sect. 2, the non-simplified and simplified track models (Models 1 and 2) are improved to 312 produce Models 3 and 4, and we validate the virtual typhoons generated using Models 3 and 4. To 313 investigate the influence of the non-simplified and simplified track models on predicted extreme 314 wind speeds, we estimate V 50 and V 100 for China's southeast coast based on the virtual typhoons 315 generated using Models 3 and 4. In this process, the decay model of Eq. Table 3 . The predicted V 50 in Test 1 is shown in Fig. 9(a) . The 318 estimated V 50 in Test 3 is shown in Fig. 10(a) and the wind speed difference between Tests 1 and 3 319 is shown in Fig. 10(b) . It can be seen from Fig. 10 we use the different R max and B models (Eqs. (9) and (10)) to predict the wind speed, named as 360 Test 4 and Test 5. The specific settings for Tests 1, 4, and 5 are shown in Table 3 . Figure 12  361 shows the estimated V 50 in Test 4 (Fig. 12(a) ) and the wind speed difference between Tests 4 and 1 362 (Fig. 12(b) ). It can be seen from Fig. 12(b) Figure 13 shows the estimated V 50 in Test 5 (Fig. 13(a) ) and the wind speed difference 376 between Tests 5 and 1 (Fig. 13(b) ). It can be seen from Fig. 13(b) that the wind speed predicted by 377
375
Test 5 is significantly higher than predicted by Test 1 throughout the entire southeast coastal 378 region of China. The MD of the predicted wind speed is up to 15 m s −1 and the MRD is about 37%. 379 This is because the B value calculated by Eq. (10) is significantly greater than calculated by Eq. 380 The samples of maximum wind speed obtained through numerical simulation need to be 387 fitted by some extreme value distribution to predict the extreme wind speed of different return 388 periods. In typhoon hazard analysis, the commonly used extreme value distributions include 389 Extreme-I distribution (i.e., the Gumbel distribution), Extreme-II distribution (i.e., the Frechet 390 distribution), and Extreme-III distribution (i.e., the Weibull distribution). If the sample size is 391 sufficiently large, the empirical distribution should be preferred because there is no assumption 392 about the tail shape of the wind speed distribution. The sample of maximum wind speed is initially 393 considered to obey the Extreme-II distribution (Thom, 1960) . However, more studies have shown 394 that the Extreme-I distribution is more suitable Simiu and Filliben, 1976) . In 395 recent years, some studies have found that the peaks-over-threshold method with the generalized 396
Pareto distribution (GPD) can provide satisfactory wind speed estimation (Simiu and Heckert, 397 1995). Different extreme value distributions will have impact on the predicted extreme wind speed. 398
In this study, we apply the empirical distribution, Weibull distribution, Gumbel distribution, and 399 GPD to explore the influence of these four different distributions on the prediction of extreme 400 wind speed. 401
The Weibull distribution takes the form 402
403
The Gumbel distribution takes the form 404
405
The GPD function is as follows 406
where x is the corresponding variable; γ, η, β is the position parameter, scale parameter and shape 408 parameter, respectively; u is the threshold value. 409
In Test 1, the empirical distribution is adopted. Taking Test 1 as the controlled trial, the 410 numerical experiments adopting the Weibull distribution, Gumbel distribution, and GPD are 411 defined as Test 6, Test 7, and Test 8, respectively. The specific settings for Tests 1 and 6-8 are 412 listed in Table 3 . 413 Figure 14 shows the estimated V 50 in Test 6 (Fig. 14(a) ) and the wind speed difference 414 between Tests 6 and 1 (Fig. 14(b) ). It can be seen from Figure 15 shows the estimated V 50 in Test 7 (Fig. 15(a) ) and the wind speed difference 424 between Tests 7 and 1 (Fig. 15(b) ). Figure 16 shows the estimated V 50 in Test 8 (Fig. 16(a) ) and the wind speed difference between 434
423
433
Tests 8 and 1 (Fig. 16(b) ). For details of the design code values of 50-year and 100-year return periods for these cities, the 448 reader is referred to Li and Hong (2016) . Figure 17 shows the V 50 (Fig. 17(a) ) and V 100 (Fig. 17(b) 
460
Conclusions
461
In this paper, we describe a technique for analyzing typhoon hazard based on the empirical 462 track model. The existing simplified and non-simplified typhoon empirical track models are 463 improved. In the improved tracking models, the correlation in regression analysis is increased 464 significantly. We also quantitatively investigate the sensitivity of the typhoon wind hazard model 465 to different typhoon decay models, the simplified and non-simplified typhoon tracking models, 466 different statistical model for R max and B, and different extreme value distributions. We found the 467 different typhoon decay models have least influence on the predicted extreme wind speed, and the 468 MRD from the control group is only about 1%. Over most of the southeast coast of China, the 469 predicted wind speed by the non-simplified typhoon tracking model is larger than from the 470 simplified tracking model, especially in Zhejiang and Fujian provinces. The MRD of predicted 471 wind speed for a 50-year return period (V 50 ) is about 10%. The use of different models of R max and 472 B has considerable impact on the predicted wind speed, and the MRD of V 50 can reach up to 37%. 473
This depends mainly on the difference of the B value calculated by the different models. 474
Throughout the southeast coast of China, the predicted wind speed from the Weibull distribution is 475 lower than from the empirical distribution, especially in Fujian Province. The MRD of the V 50 is 476 about 7%. The predicted wind speed from the Gumbel distribution is higher than from the 477 empirical distribution, especially in Guangdong Province, and the MRD for V 50 is up to 20%. The 478 predicted wind speed from the GPD is lower than from the empirical distribution, especially in 479
Fujian and Guangdong provinces, and the MRD for V 50 is up to 17%. For several coastal cities of 480 China, the predicted wind speeds in this paper are consistent with those from the design code. This 481 paper constitutes a useful reference for predicting extreme wind speed when using the empirical 482 track model. because the lack of the measured wind-speed data. Besides we investigate the influence of 487 different factors on the predicted wind speeds. This study's results could be valuable to 1) urban 488 planners and emergency managers responsible for typhoon disaster preparedness, response, and 489 recovery planning; 2) policy-makers to evaluate the adequacy of structural design codes, and 3) 490 insurance companies to assess real properties and adjust typhoon hazard insurance rates. 491
The study of typhoon hazard risk includes the prediction of typhoon intensity and frequency 492 and the study of typhoon wind speed for different return periods. Combining typhoon accurate 493 forecast, typhoon speed estimation of different return periods with hazard loss assessment from 494 natural, social, economic, policy, cultural and engineering perspectives, a comprehensive risk 495 assessment framework and index system for typhoon hazard can be established. A comprehensive 496 study on the tolerance and response mechanism of coastal cities to typhoon hazard will be the 497 focus of our next work. 498
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